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$\eta$ $x$ , $t$ $\eta(x, t)$







$t_{NL}\sim O(\epsilon^{-2}t_{L})$ . $O(\epsilon^{-4}t_{L})$
12
Zakharov(1968)[1]
$\frac{\partial\eta(x,t)}{\partial t}=-\frac{\delta H}{\delta\psi(x,t)}$ , $\frac{\partial\psi(x,t)}{\partial t}=\frac{\delta H}{\delta\eta(x,t)}$ (3)
$\eta(x,t)$ $\psi(x,t)$
$H$
$H= \frac{1}{2}\int dx\int_{-\infty}^{\eta}(\nabla\phi)^{2}dz+\frac{1}{2}g\int\eta^{2}dx$ (4)
Zakharov(1968)
$b(k, t).= \sqrt{\frac{\omega(k)}{2k}}\hat{\eta}(k,t)+i\ulcorner\frac{k}{2\omega(k)}\hat{\psi}(k, t)$ , $\omega(k)=\sqrt{gk}$, $k=|k|$ (5)
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$\hat{\eta}(k, t),\hat{\psi}(k, t)$ $\eta(x, t),$ $\psi(x, t)$ $x$
Zakharov $b(k)$ $H$
$H(b, b^{*})= \int\omega_{0}b_{0}b_{0}^{*}dk_{0}$
$+ \int U_{012}^{(1)}$ $(b_{0}^{*}b_{1}b_{2}+ c.c.)\delta_{0-1-2}^{k}dk_{012}+\frac{1}{3}\int U_{012}^{(3)}(b_{0}b_{1}b_{2}+ c.c.)\delta_{0+1+2}^{k}dk_{012}$
$+ \int V_{0123}^{(1)}$ $(b_{0}^{*}b_{1}b_{2}b_{3}+ c.c.)\delta_{0-1-2-3}^{k}dk_{0123}+\frac{1}{2}\int V_{0128}^{(2)}b_{0}^{*}b_{1}^{*}b_{2}b_{3}\delta_{0+1-2-3}^{k}dk_{0123}$
$+ \frac{1}{4}\int V_{0123}^{(4)}$ $(b_{0}b_{1}b_{2}b_{3}+ c.c.)\delta_{0+1+2+3}^{k}dk_{0123}+O(b^{5})$ (6)
$b_{0}=b(k_{0}),$ $U_{012}=U(k_{0}, k_{1}, k_{2}),$ $dk_{012}=dk_{0}dk_{1}dk_{2}$
$\delta_{0+1+2}^{k}$ $\delta(k+k_{1}+k_{2})$
$i \frac{\partial b(k,t)}{\partial t}=\frac{\delta H(b,b^{*})}{\delta b^{*}(k,t)}$ (and c.c.) (7)
$b(k)$
$i \frac{\partial b(k)}{\partial t}=\omega(k)b(k)$
$+ \int U_{012}^{(1)}b_{1}b_{2}\delta_{0-1-2}^{k}dk_{12}+2\int U_{210}^{(1)}b_{1}^{*}b_{2}\delta_{0+1-2}^{k}dk_{12}+\int U_{012}^{(3)}b_{1}^{*}b_{2}^{*}\delta_{0+1+2}^{k}dk_{12}$
$+ \int V_{0123}^{(1)}b_{1}b_{2}b_{3}\delta_{0-1-2-3}^{k}dk_{123}+3\int V_{3210}^{(1)}b_{1}^{*}b_{2}^{*}b_{3}\delta_{0+1+2-3}^{k}dk_{123}$
$+ \int V_{0123}^{(2)}b_{1}^{*}b_{2}b_{3}\delta_{0+1-2-3}^{k}+\int V_{0123}^{(4)}b_{1}^{*}b_{2}^{*}b_{3}^{*}\delta_{0+1+2+3}^{k}dk_{123}+\cdots$ (8)




$k=k_{1}\pm k_{2}$ , $\omega(k)=\omega(k_{1})\pm\omega(k_{2})$ (9)
3 (decay type),
(no-decay type) $\omega=k^{\alpha}$ $\alpha>1$ $\alpha<1$
$(\alpha=3/2)$ . $(\alpha=1/2)$
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$+ \int B_{0123}^{(1)}a_{1}a_{2}a_{3}\delta_{0-1-2-3}^{k}dk_{1\mathfrak{B}}+\cdots+O(a^{4})$ (11)
$a(k)$ $H$ (3 )
$H= \int\omega_{k}a_{k}a_{k}^{*}dk+\frac{1}{2}\int V_{012}$ $(a_{0}^{*}a_{1}a_{2}+ c.c.)\delta_{0-1-2}^{k}dk_{012}+O(a^{4})$ , (12)
(4 )
$H= \int\omega_{k}aka_{k}^{*}dk+\frac{1}{2}\int W_{0128}a_{0}^{*}a_{1}^{*}a_{2}a_{3}\delta_{0+1-2-3}^{k}dk_{0123}+O(a^{5})$ , (13)
(3 )
$\frac{\partial ak}{\partial t}=-\dot{\iota}\omega_{k}a_{k}-i\int\{\frac{1}{2}V_{012}a_{1}a_{2}\delta_{0-1-2}^{k}+V_{102}a_{1}a_{2}^{*}\delta f_{-0-2}\}dk_{12}$, (14)
(4 )





( $=$ ) $a(k)$
$\langle aka_{k}^{*},\rangle=n(k)\delta(k-k’)$ , $E(k)=\omega(k)n(k)$ , (16)
$(a_{1}^{*}a_{2}^{*}a_{3}a_{4})=n(k_{1})n(k_{2})[\delta f_{-3}\delta_{2-4}^{k}+\delta f_{-4}\delta_{2-3}^{k}]$ , (17)
$n(k)$
$E(k)$ $n(k)=E(k)/\omega(k)$












kinetic equation ( $H$- ),




(Langmuir ), ( (


















Diophantine equation Bredikhin theorem
( $k$ )
( $\omega^{2}=\gamma k^{3}$ )
$\omega_{1}+\omega_{2}=\omega_{3}$ , (21)
$p_{1}^{3}+p_{2}^{3}=p_{3}^{3}$ , $p_{i}\in N$ , (22)
$n=3$
1 $k$











1 “This may wel- $w$ the first time ever when Fermat’s Last Theorem has found its use in
applied mathematics.”
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$H=H_{2}+H_{3}= \sum_{k}\omega_{k}|a_{k}|^{2}+(2\pi).\frac{1}{2}\sum_{k}\sum_{k_{1}}\sum_{k_{2}}V_{012}(a_{k}^{*}a_{k_{1}}a_{k_{2}}+ cc.)\delta_{0-1-2}^{k}$ , (23)
$\frac{da_{k}}{dt}=-i\frac{\partial H}{\partial a_{k}^{*}}=-i\omega ka_{k}+\frac{i}{2}(2\pi)\sum_{k_{1}}\sum_{k_{2}}(V12aa_{k_{2}}\delta_{0-1-2}^{k}+2V_{102}a_{k_{1}}a_{k_{2}}^{*}\delta_{0-1+2}^{k})$ , (24)
$\omega=k^{3/2}$ , $V_{012}=(k_{0}k_{l}k_{2})^{3/4}$ . (25)
$V_{012}$ FFT
$k$
$a(k,0)=A \exp[-\frac{(k-2)^{2}}{4}]$ , (26)
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$A$ $H_{2}$ $k$
$n_{x}\cross n_{W}=2^{8}\cross 2^{8}=65,536$, $2^{9}\cross 2^{9}=262,144$ 2
$k_{m}=[10,10]$ $k=(1,0)$
$=[n_{x}/10/3]=8$ or 17. $t_{end}$ $H_{2}$
$H_{2}\cross t_{end}$
$H_{2}=2\cross 10^{-7}$ $t_{end}=250T_{p},$ $H_{2}=2\cross 10^{-8}$
$t_{end}=2500$ $T_{p}$ $k=(1,0)$ $=2\pi$
$n_{x}=$
$=2^{8}$ DELL optiplex960 1
$01$ $\Delta t=1/100T_{p}$ $2500T_{p}$ 7
3.3









$0$ 2 4 6 8 10
$k$
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$k$
2: $\frac{dn(k)}{dt}$ . ( )H ( )H $n_{x}=n_{y}=2^{9}$ .








$k$ $n_{x}\cross n_{y}=2^{8}\cross 2^{8}$
$0$ 110’ $210^{-:}$ 31 $0^{\cdot}$ $410\underline{.}$ 51 $0^{\cdot}$ $0$ $110^{-5}$ $210^{-5}$ $310^{-5}$ $410^{-5}$ $5\rceil 0^{-6}$
$t*H$ $t*H$








$H$ ( $=$ )
$H$
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